A case of accidental hypothermia due to overdose of alcohol and barbiturates combined with exposure to cold is described and management is discussed.
INTRODUCTION
Unlike controlled hypothermia used in several branches of surgery, accidental hypothermia occurs in patients unprepared for generalized depression of body function. This results in a very high mortality rate.
Hypothermia may be defined as a lowering of body temperature below 35° C. The Committee on Accidental Hypothermia of the Royal College of Physicians (1966) reported an overall mortality of 37 per cent. With temperatures below 30° C, the mortality was 73·3 per cent (15 cases).
Most reports of accidental hypothermia originate from Europe and Canada and have been associated with exposure or water immersion. Such cases have been rare in Australia. Several authors (Anderson, Herbring and Widman 1970 , Coopwood and Kennedy 1970 , Edwards et al. 1970 , Mathews 1967 have stressed the role of impaired thermo-regulation in contributing to accidental hypothermia. With the ever increasing frequency of hospital admissions with drug overdose, we can expect to see the condition more frequently in this country.
CASE REPORT
A 21-year-old woman was admitted on 16th March, 1973 , with a history of taking some pentobarbitone capsules and a considerable quantity of alcohol 12 hours previously. On admission to casualty she was deeply unconscious, with a pulse rate of 30/min, unrecordable blood pressure, fixed dilated pupils and slow and gasping respiration. Hypothermia was not recognized at this stage. Two doses of atropine 0·6 mg produced no response and 0 ·02 mg isoprenaline intravenously caused immediate ventricular fibrillation. She was given 200 mg of sodium bicarbonate and defibrillated with a 300-joule shock.
On arrival in the intensive care ward, it was found that her rectal temperature was 26° C, respiration inadequate, and blood pressure unrecordable. She was placed on a volumecycled ventilator and a central venous catheter and urinary catheter were inserted, while rewarming between two electric blankets was commenced immediately. Isoprenaline 0 ·02 mg intravenously caused ventricular fibrillation which was easily reverted to sinus bradycardia by a 200-joule shock. One further episode of spontaneous ventricular fibrillation occurred in the first hour. Again defibrillation was successful with one 200-joule shock.
During rewarming her rectal temperature rose by 1-1·5° C per hour and central venous pressure was maintained at +10 cm H 2 0 by infusion of 41 litres of warm Hartmann's solution over 41 hours. By this time her temperature was 32° C and a further 0 ·02 mg of isoprenaline was given intravenously. Blood pressure was then recorded for the first time at 65 mm Hg with a pulse rate of 88/min. A further 0·02 mg of isoprenaline was given, and this resulted in a blood pressure of 105 mm Hg and she began to pass urine five hours after admission.
An isoprenaline drip run at 0 ·33 [Lg/min maintained blood pressure between 80 and 110 mm Hg and urine output >50 mlfhour.
Respiration was controlled and blood gases maintained within the normal range.
When the rectal temperature reached 34°C active rewarming was ceased and slow spontaneous rewarming continued.
Twelve hours after admission temperature was 37° C.
By the following morning (20 hours after admission) blood pressure was 115 mm Hg, pulse 105/min without isoprenaline, and temperature was normal. Although spontaneous respiration was present, it was inadequate and assisted ventilation was continued, her blood gases being pH 7 '54, PaC0 2 38 mm Hg, Pa0 2 156 mm Hg. Her urea, electrolytes, blood sugar and blood film were normal. Serum barbiturate level was 1·7 mg/100 ml.
Over the next 48 hours she continued to improve and was responding to verbal commands. An active cough reflex was present and she was extubated. Apart from a brawny swelling over the right shoulder, thought to be a cold and pressure injury, she suffered no after effects. On full recovery of consciousness the patient admitted to drinking a large quantity of brandy but only a few pentobarbitone capsules.
DISCUSSION

Causes of Hypothermia
Mathews (1967) 
DIAGNOSIS
The standard clinical thermometer is useless in cases of hypothermia. A low reading rectal thermometer must be used if the diagnosis is suspected or a low reading «36° C) is found on the standard thermometer.
It is the policy of our unit to monitor the core (rectal) temperature of all unconscious patients with a thermister probe. The inability of the medical staff to detect hypothermia by clinical examination has been apparent on several occasions despite a history compatible with the condition. MANAGEMENT (1) Rewarming
Rewarming at a rate of 1-1·5° C per hour was commenced immediately by means of two electric blankets. Two major problems have been described during rewarming.
" After drop" of core temperature is said to follow vasodilation of the cold periphery, causing a drop of core temperature after external heat loss has been eliminated (Coopwood and Kennedy 1970, Rosen and Exton-Smith 1964) . Most work has been done with controlled hypothermia where external heat has not been applied. In this situation surface cooling is stopped well before the desired core temperature is achieved. When peripheral warming is used, presumably any vasodilation due to warming would result in less drop in temperature of "core blood" than in the case of deliberate surface cooling. No "after drop" of temperature occurred in this case.
" Rewarming shock" (Anderson et al. 1970 , Kugelberg et al. 1967 ) due to peripheral vasodilation from heat combined with inability to raise cardiac output has been stated to be a major problem with surface rewarming techniques. Some of these cases may have been due to inadequate intravenous fluid during the rewarming period. In many clinical observations CVP and fluid volumes administered were not documented. We elected to transfuse our patient with warm (40° C) Hartmann's solution and stable plasma protein solution .~ per cent (S.P.P.S.) to maintain CVP at +10 cm H 2 0.
Recently, excellent results have been reported using" central" rewarming on bvpass (Davies, Millar and Miller 1967 , Fell et al. 1968 , Kugelberg et al. 1967 . The advantages claimed for this method are:
Anaesthesia and Intensive Care, Vol. 11, No. 1, February, 1974 1. The dangerous temperature zone for ventricular fibrillation is 28° C. This is passed rapidly and ventricular fibrillation, should it occur, is under control. 2. The heart is perfused immediately with warm blood. 3. "Rewarming shock" is prevented. Other techniques of "central" rewarming have been advocated. Peritoneal dialysis with warm fluid and thoracotomy with bathing of the mediastinum in warm fluid are examples, and also heating of inspired gas has been used.
(2) Prevention of Hypoxaemia Unfortunately, some common observations suggesting hypoxia are absent in hypothermia. Dyspnoea is absent, respiratory effort is weak, and central cyanosis, if present, is difficult to detect.
With hypothermia, the oxyhaemoglobin dissociation curve is shifted to the left, causing a reduction of the O 2 available to tissues.
A further cause of hypoxaemia may be prolonged hypoventilation. It has been suggested that this may cause areas of atelectasis and shunting of blood.
Overall, when arterial hypoxaemia is associated with poor regional perfusion the available oxygen may be insufficient despite the overall depression of metabolic rate. A metabolic acidosis is a consistent finding in severe accidental hypothermia. The ideal PaC0 2 and pH are less easy to evaluate. Gray and Graham (1971) have summarized the effects of hypothermia on PaC0 2 (Figure 1 ).
For this reason avoidance of respiratory or metabolic alkalosis has been advocated. However, other workers (Keats et al. 1958 , Michenfelder et al. 1965 have suggested that alkalosis, either respiratory or metabolic, may be useful. Advantages claimed are an improvement in myocardial contractility, reduction of cardiac irritability, and an increase in the rate of successful defibrillation should this be necessary.
Measurement of PaC0 2 can be corrected to patient temperature by the formula ~ log PC0 2 -+O'021 ~T. At a temperature of 25° C, PC0 2 would be reduced from 40 mm Hg to 21 mm Hg.
Because of the undesirable features of acidosis or alkalosis, we maintained PaC0 2 levels between 35-45 mm Hg (at 37° C). Desirable base excess was considered as zero. The alveolar ventilation required to maintain PaC0 2 at these levels was considered adequate to prevent atelectasis. Periods of increased tidal volume (three breaths every 15 minutes) were used throughout the period of controlled ventilation.
(4) Cardiac Arrhythmias
Bradycardia is the most common arrhythmia seen. This mayor may not respond to atropine. Atrial fibrillation and heart block are also common. The most serious arrhythmia is ventricular fibrillation, occurring most commonly below 28° C. This may be precipitated by any mechanical stimulus, e.g. endotracheal intubation.
Kugelberg reports that defibrillation cannot be performed until the temperature is 28° C or more. This is at variance with our observations in this case and others. Defibrillation was easily accomplished with one or two shocks when PC0 2 was maintained between 35-45 mm Hg and base excess in the range 0-+6.
The temperature at this time was 27° C.
Because of the appearance of ventricular fibrillation after isoprenaline we withheld cardioactive drugs until the temperature was 30° C, despite the absence of a recordable blood pressure. A palpable carotid pulse was present throughout.
The characteristic" J wave" (Trevino, Razi and Beller 1971) on electrocardiogram was not observed.
(5) Renal Function
Anuria persisted until blood pressure was elevated with isoprenaline after rewarming to 32° C. This was accomplished five hours after admission. From this time on, urine output of > 50 ml/hour was maintained. Blood urea did not rise at any stage.
The renal responses to hypothermia have been outlined by Kanter (1963) . They include decreased renal blood flow, reduced glomerular filtration, increased renal vascular resistance and reduced bicarbonate reabsorption. Tubular necrosis has been reported by Fell et al. (1968) in a case treated by cardio-pulmonary bypass.
(6) Cerebral Function
Despite several hours with fixed, dilated pupils, absent reflexes and total anaesthesia, this patient made a complete recovery. Such signs are therefore no indication to abandon active and enthusiastic treatment.
An electroencephalogram was not performed. However, this investigation has not proven to be reliable in indicating prognosis under such circumstances as deep anaesthesia and hypoglycaemia. We would not consider an abnormal electroencephalogram to indicate irreversable damage under hypothermic conditions.
(7) Drug Therapy
Many drugs undergo enzymatic degradation and/or conjugation as part of the mechanism of termination of drug action.
Such reactions are temperature-dependent. In addition, urinary or biliary elimination of drugs may be reduced by hypothermia.
Unpredictable absorption from all sites further complicates the picture.
We recommend that all drugs be given by the intravenous route and that small doses titrated according to the response of the patient be used.
We administered 24 mg of dexamethasone intravenously at the start of the rewarming period. :l\Teasured levels of corticosteroids have been shown to be elevated in cases of accidental hypothermia (Sprunt, l\Iaclean and Browning 1970) , presumably due to reduced metabolism and elimination from the body.
However, these levels of circulating steroid may not be adequate to cover the prolonged stress of hypothermia and steroids have been advocated by some workers. The possible effect of minimizing any cerebral oedema from hypoxia was a further factor considered.
Prophylactic antibiotics have been recommended with little proof of benefit and the possibility of the development of infection by resistant organisms. We prefer to administer antibiotics for a specific indication, e.g. bronchopneumonia.
(8) Shivering
This was not observed during the rewarming period; however, if it occurs, oxygen consumption can increase several hundred per cent. CONCLUSIONS 1. A policy of core temperature monitoring IS desirable in all unconscious patients.
2. The absence of apparent cerebral function is not an indication to abandon treatment. 3. Successful resuscitation involves consideration of rate and method of rewarming, oxygenation, maintenance of acid base balance, circulatory support, and the treatment of cardiac arrhythmias. 4. The use of cardio-active drugs such as isoprenaline may be dangerous below 30° C. 5. The role of corticosteroids in accidental hypothermia requires further evaluation.
